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Part A 


Q1 


Q2 


Q3 


Q4 


Q5 


Correct response is D 
The radio waves have speed c =3 x 108 ms"! 


Use distance = speed x time to find distance travelled by waves in 280 s. 
Distance = 3 x 10 m s™’x 280 s = 8.4 x 101° m 

But radio wave has travelled to the planet N and back again. 

So distance between earth and planet = 8.4 x 10!?/2 = 4.2 x 101° m 


Correct response is C. The parallax is equal to the reciprocal of the 
distance measured in parsecs (see section 2.2 of Unit 1 Eq 8). The 
conversion factor to astronomical units is irrelevant. 


; — 1 
Correct response is E. Apparent luminosity « = a 


distance 
(section 2.1 Unit 1) 


Therefore (denoting first and second measurements by subscripts 1 and 2) 


Correct responses are A and G. A is correct: see Figure 24 of Unit 1. B 
is false; the general trend is in the same direction but there is some 
variability (see Figure 21b). C is false; Hubble's law implies that galaxies 
are moving outward from a common origin where they were all located at 
some time in the past (section 3.5 of Unit 1). D is false; the method only 
applies to stars in clusters. E is false; it is the red shift of quasars that 
Suggests they are extremely distant. F is false; see Figure 38 of Unit 1. 
G is correct; if v is constant then H = v/r decreases as r increases. 


Correct responses are E and F. A is false; the apparent luminosity 
depends on distance as well as period. B is false; the technique can be 
used for distances up to about 10 Mpc. C is false; it is the brightness not 


Q6 


Q7 


Q8 


the position that varies. D is false; the technique is used to bridge the gap 
in distance between stars in our own Galaxy and those in other galaxies. 
E and F are correct; in each case it is assumed that the absolute 
luminosities of the brightest blue stars in any galaxy or the brightest 
galaxies in any cluster are the same (sections 3.2 and 3.4 of Unit 1). G is 
false; the period - luminosity correlation is only statistical, (see Figure 28 
of Unit 1). 


Correct responses are C and H. When the child is at rest, her position does 
not change with time, i.e. S, = constant, or ds, /dt = gradient of graph = 
v,=0. There are four intervals when the graph has zero gradient, namely 


t= 4.5 s, 8 s, 15 s, 26 s, but only two of these appear in the Key. 


Correct responses are A and D . v, = ds,/dt is negative when the slope of 


the graph is negative, i.e. in the intervals between 5 s and 7.5 s and 
between 16 s and 25 s. 


Correct response is F Greatest speed corresponds to the greatest 
magnitude of the gradient, and this occurs between 16 s and 25 s. 


Between 20 s and 25 s the position changes from 0 to —10 m, so the speed 
is 10 m/5 s =2 m s ™}. 


Correct response if F. Taking the direction of motion as the x direction, the 
appropriate constant acceleration equation to use is A =u 2 +2as y 


Substituting v, = 0, u, = 40 ms ~', a, = -10 ms ~, leads to s, = 80 m. 


Q10 Correct response is D. Using the constant acceleration equation 


P 


Q11 


fy: : s aD -1 E =: 
v =u, tat with v = 0, =40ms and a ,=-10ms , leads to 


t=4s. 


Correct response is E. 

Radial speed = 3.2 x 107 4 pc/year. True space motion is at angle a 
(= 30°) to the line of sight. 

From Eqn. 12 (Unit 1, p.20) tangential speed = (radial speed )tan a 


= 3.2 x 10 ~ tan 30° pc/year 

= 1.85x 1074 pc/year 
But tangential speed (in pc/year) = distance (in pc) X proper motion (in 
radians/year) 
Converting the proper motion to the required units, 


21 
1x 10% degrees/year = 1.0 x 10-* x Ea radians/year 


i = 4 27 : 
Thus, distance = (1.85 x 10~ pc/year) / (1.0 x 10% x 360) radians/year 
= 106 pc 


Qi2 Correct response is F. Since speed is the magnitude of velocity, and 
velocity is the rate of change of displacement with time, one possible (but 
very slow method) would be to plot a graph of displacement against time, 
and find the magnitude of the slope of the tangent to the graph at time 


t =0. It is much quicker and more accurate to use derivatives. 
s= PY — 2t? + 12t (s, in metres and ż in seconds) 


v= =i = rate of change of displacement with time. 
To find the derivative of s, with respect to time, find the derivative of each 


term in the equation for s, (using the information on derivatives supplied in 


the question). 
Hence v ae T 12 
x 9 
To find value of v, When t = 0, substitute t = 0 into this equation 


Hence, when t = 0, v= 12ms~ 
12 x 60 x 60 


oe h? = 43.2 kmh} 


Converting to km h~!, speed = 


Q13 Correct reponse is D. However, since you will need to look up the radius of 
the earth, we are also allowing option H as a correct answer. 
For the person to feel 'weightless' we must have 

mg = mro? 


Thus ee @=NV gir 


Q14 


Q15 


27 6.4x10° 
T = a <. T =27 V Gig) =2n 10 = 5026 s 


5026 s = ae minutes = 84 minutes 


Correct response is A and G 


A is meaningless: division by a vector has no meaning. 

G is incorrect: |al!=3 |bl=3 The vector la + b has length 4.2 
B is correct since | ¢|=4.2 and!a!|=3 and only the magnitudes are 
involved 

C and D are correct sincea+b+c=0 

E is correct (see diagram) since the resulting 
vector R has the same length as c. 

F is correct. a+b+ c=0 

Te-alranging a =— b-c 

Subtracting c from both sides gives a + c =-— b- 2c 
H is correct since | a | =| b | = 1 and only the magnitudes are involved. 


Correct response is G 

The general equation for a straight line graph with slope m and intercept c 
(on the y-axis) is: y= mx +c. 

If the graph passes through this origin, this becomes: y = mx (see S271 
Maths booklet p.6) 


| L 
For the equation: T =2r 7 


If we plot T against VL, we do obtain a straight line graph though the 


27 
origin, but comparison with the equation y = mx shows that the slope is fe 
8 
i An? 
net sz 
& 


An? 


If we first square both sides of the equation: T? = Ẹ 


plotting T? against L will give a straight line graph through the origin, with 


slope An? /g. 
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Q1 Correct response is B 


[Ueman force on rocket =3x 10fN 


due to motor 


Downward force on rocket 
due to Earth's gravity 


= mg = (2 x 10° kg) x (10 ms *) = 2 x 10 N 


~. [Net upward force on rocket] =3 x 104 N-2x10fN=1x10fN 
Using Newton's 2nd law: (F = ma) 


Upward acceleration| _ Inet upward force on rocketl 


of rocket E: mass on rocket 
104 N E 
“Suivi 


(For more practice in this type of question, see SAQ4, p.8, Unit 3). 


Q2 Correct responses are C and G 
Since the particle moves from A to B, the net force F on the particle (F = i + F3) must 


be in the x direction so the y-components of the two forces cancel. Hence 


F,, =-F,, =- (60 N) sin 60° = -52 N 


To find the x-component of the force we use the expression for the energy transferred to 
the particle by the force: 


energy transferred =FeAs 
=F Ax=(F,_+F,.) x 30m=1200J 
x 1x 2x 
1200 J 
Hence (Fix + F,.) ae eee 40 N 


Since Pee = (60 N) cos 60° = 30 N, Ra =10N 


| 2 2 
Hence |F | = (Fax+ Foy) =53 N 


Q3 Correct responses are D and F 


6a 
Let mass of S atom be m 7x10 ms y 
S ———— 
Then mass of Zn atom is 2 m, 
wfr- — (S)— — — ~(Zn) _ _t—> x 
Let the velocity of the Zn atom after 
the collision be denoted by v (Sa E (s)- at (Zn) 
Since momentum is conserved 
Bios 
total momentum _ {total momentum 10 ms 
before collision }~ | after collision 


In x direction: 
m(7 x 10°ms')+0=m, (10% ms!) + 2m, 0, 


“0, =4x 10°ms 
In y direction: 0+0=0+2m v, ; Le. 0, =0 


So speed of zinc atom is 4 x 10° m s™? and response F is correct and G is wrong. 
Collision is elastic only if kinetic energy is same before and after. 
1 
(KE) score “Os eR m? s~) m, 


K.E.) = 3(m,)(108 m s7»? + 32m )(4 x 106 ms“)? 
= (1.65 x 10” m? s® m, 


after 


Since energy is lost, collision is inelastic, so D is correct. 
; 1 
B is wrong because P = -3 Pza 


C is wrong because momentum is always conserved in an isolated system (i.e. a system 
where no external forces act on the atoms). 

: zgi = r 
E is wrong: the KE of the S atom is xm (10$ ms )?=5x 10!! m, m? s “ and the KE of 


1 
the Zn atom is 2m (4 x 10°m sy =1.6x 102 m; m? s™. 


(For a further example of this type of problem, see Figure 13, p.14, Unit 3). 


Q4 Correct response is H 


Gravitational energy lost (mgA) = kinetic energy gained 
= K.E. of person (m?) + rotational K.E. of 
drum G10?) 
But v=@r Hence mgh =3 mP +5107 


Hence Y =2 mgh/(m + I/r*) 
= 2(50 kg)(10 m s-*)(18 m)/(50 kg + 80 kg m’/0.25 mô 
= 1.8 x 10°/(370) m° s? ~ 48.6 m? s? 


Hence v ~7.0ms— 


(For further help on moments of inertia, see Section 7.3 of Unit 3.) 

If you got the answer wrong, you may have assumed that the torque on the drum was 
0.5 m times 500 N. But the tension in the rope is less than 500 N since the person is 
accelerating downwards. 


Q5 rrect T nse i 


Assuming the system is in equilibrium, 
the net force on the floodlight is zero. 


ie. DF, =0 
1 


Apply the force equilibrium for both 


horizontal and vertical force components. 


Horizontally: T, cos 60° — Tp sin 60° = 0 
~ T =0.577T, 
Vertically: T, sin 60° — T cos 60° —- 200 N =0 
Substituting for Tp 0.866 T, — 0.289 T, =200 N 
T.~ AGN 


(For further practice at this type of problem, see SAQ1 and SAQ2 on p.7 and 8 of Unit 4). 


Q6 Correct response is C 


Using Kepler's third law T? œ R? (see p39 of Unit 4). 
F r T r, B2 
A A A A 
SOu kets: andl Se) 
Q7 Correct response is E 
Torque [=rxF IN = IrilF| sin®@ (see Equation (6), p.13, Unit 4). 


Torque due to rope at A = (3 m)(100 N) sin 30° = 150 Nm. 
Using right hand rule, direction of torque is ‘into the page’ of the diagram. 


Q8 Correct response is D 


Since rod is in rotational equilibrium, > r=0 
1 


5 torque about O due to torque about O due to) _ 0 
o 10 kg load tension in cable CB | 7 


The two torques must balance each other, hence they must be of equal magnitude but 
opposite direction. So 
150 Nm = (2.5 m)(T) sin 60°. Hence T = 69.3 N. 


Q9 Correct response is D R 


(See Section 2.1 and 2.1.1 of Unit 4) 
The forces on the object are shown 


in the diagram. 
mg 


When g = 45°, the object experiences negligible net force. Therefore for force components 
parallel and perpendicular to the plane; wR = mg sin œ and 

R = mg cos @&. 

Eliminating R gives umg cos @= mg sin @ and 4 = tan & = 1. 

When œ = 60° the net force component down the plane is mg sin œ — UR 

= mg sin @— umg cos & (where I have used the relationship R = mg cos @) 

= mg(sin &@—Cos &). 

Hence, (from F = ma), the acceleration magnitude is given by 

a = mg (sin @—cos @&)/m = 10 ms~ x (0.866 — 0.5) = 3.7 m s”. 


Q10 Correct responses are D and E 


A is false: a x b is directed along c but has magnitude 2b? whereas c has magnitude 2b. 
B is false: lal + Ibl = 2b + b = 3b # lel = 2b. 

C is false: la x al = 0 because of the sin 0 term in the expression for the vector product. 
D is correct: la x cl = lac sin 90°I = 2b x 2b = 4b*. 

E is correct: cee = c? cos 0° = 4b? > beb = b? cos 0° = b’. 

F is meaningless: division by a vector is not a defined mathematical operation. 

G is false: a, = a = 2b but b =b. 

H is false: ara = a” cos 0° = a* > 0. 


Q11 Correct response is F 


(See Section 4.1 of Unit 4). 

From the conservation of angular momentum, I 0, = I, (@; + Aq) and 

A@ = d. T) O; [I r where I. and J pare the initial and final moments of inertia, 0; is the 
initial angular velocity, and Aæ% the change in angular velocity. /, is given by 

(I; -m Fe +m rej where m is the mass of the crew member and the two radii refer to his 
initial and final positions. 

Therefore, (I, —I,) = (100 x 10? + 100 x 40°) kg m? = 1.5 x 10°) kg m’. 


Substituting, Aw =- 1.5 x 10° kg m? x 0.5 rad s™!/(4 x 108 — 1.5 x 10°) kg m? 

15 1.9 x 10™* rad st. 

(5 marks awarded for 2 x 10~ rad s™! which is the result obtained if the initial moment of 
inertia of the crew member is ignored.) 


Q12 Correct response is G 


Denote the initial direction of motion of the duplon as the x-axis and the direction in which 
the first simplon is emitted as the y-axis. Let x be the velocity of the second simplon 


after the disintegration. By conservation of momentum 
mv, = 2mu and mo, + mu = 0, 


Hence, v=~4 | + v) =V(4u2 + we) =V5u. 


Q13 Correct response is F 


The final kinetic energy E = =m (V5u)? + 5 mu? =3 mu’. 


The initial kinetic energy E = 5 (2m)u? = mu?. Hence E JE; = 3- 


Q14 Correct responses are C and E 


A is meaningless: division by a vector is not a defined mathematical operation. 

B is false: the acceleration vector is radially inwards i.e. along -r. 

C is true: L x r has magnitude mr’v and is oriented along v. 

D is meaningless: kinetic energy is a scalar quantity. 

E is true: L is along the z-axis (L = mr x v) and therefore L x v is oriented along -r. 
F is false: L is oriented along z and is of constant magnitude mrv. 

G is false: ILI = mrv, where m, r and v are all constant. 

H is false: Irl is constant and, being a magnitude, positive. 


Q15 Correct response is C 


The distance d is such that the system is only just in rotational equilibrium and is almost 
pivotting about trestle A. Thus the reaction force of trestle B on the plank can be ignored. 


700 N 400N 


For rotational equilibrium, } T, =0 IN = ir x F! = IrllF| sin@ 
1 


: torque about A due torque about A due | _ 0 
Le; to painter's weight to plank's weight J` 
i.e. (700 N)d + (400N)(1.5m-—-d) =0 
(N.B. in each case 0 = 0 and sin@ = 1) 


(700 N)d + (400 N)d = 600 Nm 


Hence d = 55 cm. 


TheOpen 
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Q1 Correct response is D. Use Eq (4) on p12 of Unit 6 for the potentials at 


each of the two points, remembering that the net potential at a point due to two 
charges Q; and Q, is the sum of the potentials due to each one. 


This gives the following two equations. 


bs (Ou, Bay 


3 
4né, \°™ 
Q 
eee eee oa 
Ane, 4m 2m 
Now eliminate Q, by dividing each term in the first equation by 2, and then 


subtracting one equation from the other. 


This gives 
Q 1 1 
axa; [ema] vany 
3.7 Deke _9 
ee ee 


Q2 Correct response is A. Electrostatic field lines are always perpendicular to 
equipotentials. See Section 5.2 of Unit 6. There are no exceptions to this rule. 


Q3 Correct response is D. The equipotential surfaces around an isolated point 
charge are spheres i.e. circles in a two dimensional section. See Section 5.2 of Unit 
6. Fig 16 corresponds to two opposite charges. The circles expected for isolated 
charges are distorted when the two charges are present, as shown in Fig 16. 


Q4 Correct response is F. The kinetic energy gain by the ion is equal to the 
potential energy lost, i.e. E = qV =2 x 1.6 x 107}? C x 800 V. (See Eq 18 of Unit 6 


for the formula for the electric potential energy of a charge.) The momentum p is 
related to the kinetic energy E by p = \V2m E. (See Unit 3 Sec 2.1 for the 
expression for momentum and Eq 22 for E.) Thus we have 


2 x 6.70 x 10-27 kg x 2 x 1.6 x 109 C x 800 V 


1.85 x 107?! kg m sl. 


D=N2mE 


Q5 Correct response is G. From Eq 25’ of Unit 6 we have the electric field 
AV 
é= Ag = 50 x 10° V/10? m. Using Eq 13 for the force we have 
x 


50 x 10° 


ohm. VT 12x 10° N 


F=qĒE =150x1.6x10!? Cx 


Q6 Correct response is E. Use Eq 20 of Unit 7 for the energy stored in the 
capacitor and Eq 19 of Unit 7 for the capacitance of a parallel plate capacitor. Thus 


€ 
Energy stored = 4 CV? = 4 7a AV 


4x3 2 
— F r X2 I 
<103>. ) 


=4x 2.3 x 8.85 x 10" x5 


=8.79x10>J 


Q7 Correct response is C. Tite initial charge is Ig =CV = 10x 10 F x 200V 


and so the initial current is 


bees 10 x 10° F x 200 V 
l ea = nne ee 
0 RC  2x10fQx10x10ĆF 
= 10% A 
: say 300 ¥ = 
Y ld instead h ti =5 = ———— = 10” A straight for th 
(You could instead have pu IER PETT straight away e 


initial current). Now Eq 29 of Unit 7 gives 

Pi 2 A 
The relationship between the rate of change equation and the time evolution 
equation is given in the box on p19 of Unit 7. From this we see that 


di = = ae e™RCA 
dims RCE =p RC 
At t = 30s, this gives so 
ae ae -30/2 x 106 x 10 x 10-6) 4 1 


dt 2x10°x10x10° ~ 
25X 10° x e732 A sl 
= -11x10°As} 


Q8 Correct response is C. Use Ohm's law, V =/R, where V (not given) is the 
potential difference produced by the battery. Thus we have for the first resistor 
V=60x10°Ax (2x 10°Q4+7n) 
where r is the internal resistance of the battery. With the second resistor connected 
V=0.55 A x (200 +r) 
z. 6.0 x 10 x (2 x 10° Q + r) = 0.55 x (202 + r) 
“7 (0.55 — 6 x 10%) = (6.0 x 10% x 2 x 10° — 0.55 x 20) Q 


1 
“T=0 55 Q=1.8Q0 


Q9 Correct response is C. 
First calculate the equivalent current from J = Q/t, 
ae Sd 10} 


l year 365 x 24 x 3600 
Then calculate the magnetic field at the centre of a loop of radius 1.5 x 101! m 


T= 


carrying this current (see Eq 8 of Unit 8) 
Hoi 4r x 107x1015 


= à at —10 
=OR = 233x108" CF 


ae ee eS 
2x 1.5 x 10!! x 365 x 24 x 3600 


Q10 Correct responses are C and G 
Use Eq 7 of Unit 8 for the magnitude of B (and the right-hand rule (p13 of Unit 8) 


for the direction). The fields from the two wires are opposite in direction for any 
point between the wires, and their magnitudes will be equal at a point a distance s 
from wire A given by 


24A Ho 1A 
"0 375 SHOT ASN 
Jae ee 


s= 01m=s 
SE Kean 
Since B = 0 at s = 6 cm there can be no magnetic force on a wire placed at this 
distance no matter what current it carries. 


Q11 Correct response is E. 
Eq(17) of Unit 8 gives the vector force on a length of straight wire. Forces act only 
on the two sides of the coil that are perpendicular to B. These two forces are equal 
in magnitude, F, and opposite in direction. They therefore provide a torque of 
magnitude F times their separation d. (See also SAQs 10 and 11 on p21 of Unit 8). 
Thus we have 
Magnitude of torque =F xd 

= NilBd 

=50x2x0.1 x 0.5 x 0.1 Nm 

= 0.5 Nm 


Q12 Correct response is G. 
Coatings D-G are similar to the example in Section 7.2.2 of Units 9 and 10: the 


speed of light decreases at the air-coating boundary and at the coating-glass 
boundary so the reflected waves are both inverted. The coating has to provide an 
additional path length of half a wavelength, so it must be a quarter of a wavelength 
thick. Thus ô= A, /4 =A,;/4U¢),,- Only film G satisfies this equation. For 
coatings A-C there is no inversion at the coating-lens interface, because the speed 
of light increases at the boundary. The coating now has to provide a one wavelength 


path difference (similar to the soap film), which means 6 = Àe m2 = A i 2M 


None of coatings A-C satisfy this equation. 


Q13 Correct response is D. 
For a grating of spacing d the first-order maximum is at an angle 0 given by 
sinĝ = A/d. The shorter line therefore has a wavelength of A, =d sin, and the other 


line will have a wavelength A, = d sin (0 + 0.02°) = 1.670 x 10% sin (20.67°) m 
= 5.895 x 10-7 m = 589.5 nm. 


Q14 Correct responses are D and G. 
A is wrong. The polarization direction is the electric field direction not the 


magnetic field direction (i.e. magnetic field would be in the z — direction. See Fig 
54 of Units 9 and 10). B is wrong. Anti reflection coatings work for one 
wavelength only. See Sec. 7.2.2 of Units 9 & 10. C is wrong. Nodes of a 

standing wave are stationary. See p38 and 39 of Units 9 and 10. D is correct. The 
travelling wave amplitude at an instant is given by Eq 21 of Units 9 and 10 which 
is consistent with Option D. E is incorrect. Sound waves cannot travel through a 
vacuum. See Section 6 of Units 9 and 10. F is incorrect. Sound waves are 
longitudinal (not transverse) pressure waves. See Sec 6 of Units 9 & 10. Gis 
correct. The intensity falls off as 1/r* and the amplitude as 1/r. See Eqs 36 & 37 of 
Units 9 and 10. 


PART B 


Q15 Correct response is B. 
Use Eq 19 of Unit 6 

1.6 x 10719 

v= L FOR x9 VEV 
4ner 0.05 x 10 

Q16 Correct response is D. 
Use Eq 14 of Unit 6. For the one proton at the origin the electric field at P is in the 
x-direction so 


The second proton provides an electric field at P that has an x-component 


heel seee 
4ne, (dV 2)" Rz 


1 
where (av 2) is the distance from the proton to P and es is the cosine of the angle 


(45°) to give the x-component. The x-component of the resultant field at P is ex 
+ @,, 


1 1 
<== 1+—=| =1.35@ 
ANE) 2 7 


Q17 Correct response is G. 


10.0V 
The current drawn from the battery is, from Ohm's law Jp = R4r where R is the 


equivalent resistance of 120 Q in parallel with 1200 Q and r is the internal 
resistance of the battery. Using Eq 17 of Unit 7 for parallel resistors, 

1 1 1 

R = 1200 120° * R=109.1 Q 
Total resistance is R +2Q = 111.1 Q. 


10.0 V 
“Jee = 0.09A 
111.12 


The voltage drop across the internal resistance is 0.09A x 2Q =0.18V. The 


voltage across the voltmeter is therefore (see Eq 30 of Unit 7) (10 — 0.18) V = 
9.82 V. 
(Alternatively, the voltage across the meter is In x R = 0.09 x 109.1 Q = 9.82 V.) 


Q18 Correct response is G. 
The magnitude of the magnetic field at the centre of a long solenoid is given by Eq 
9 of Unit 8 

Ho NI 


TL 
The magnitude of the induced current in the loop is given by Faraday's Law (Eq 38 
of Unit 8) 
1a 
R dt 
where @ is the flux through the coil given by Eq 37 of Unit 8 with cos@ = 1 (because 
the loop and the solenoid are coaxial). Now the flux @ is given by the magnetic 
field B times the area A of the coil. So 
ohooh <p. BE dd 
ho eR = ea 
n (0.02m)? 4r x107 TmA™! x 1000 


ee es, Fee eis See ee eee =f 
= aa 0.80m x1As 


1.97 x 10° A 


Q19 Correct response is A. 
Use the Lorentz force law (Eq 24 of Unit 8). 

F=qt€+qvuxB 
giél =1.6x 107}? C x 1500 Vm! =2.4x10-19N 
q\v x BI = 1.6 x 107}? C x 6 x 10° ms! x 0.40 T x sin 30° 

= 1.92 x 10!ŚN. 

Electric force is in the direction of € . Magnetic force is at right angles to v and B 
and also at right angles toé The magnitude of the total force is therefore 


V2.47+1.92? x 10`!6N = 3.07 x 10716 N 


Q20 Correct response is C. 

Use Hookes Law (see Sec 4.3 of Unit 3) to find the spring constant. 
F =mg =kx 

so, 160 kg x 10 m s™? =k x 0.6 m 
k= 2667 Nm! 


erabe keh fk 
The frequency of SHM is f = T= 63 F 
(see Eqs 1 and 19 of Units 9 and 10) 


Lata [2667 Nm! 
“f= 63 90kg 7 0.86 Hz 


gss 
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Ql Ti nse is E. 

We are told that (10-2) cm represents a temperature range of (120-0)°C, i.e. a change in length 
of 1 cm represents a change in temperature of 15°C. Knowing also that a 2 cm length 
corresponds to 0°C we conclude that a 1 cm length corresponds to a temperature lower than 

0° C by (2-1) cm x 15°C per cm. The temperature is therefore — 15°C. 


Q2 Correct responses are D and F. 

A is wrong. The triple point of water is 273.16 K exactly. See Eq 8 and the discussion on 
p22 of Unit 11. B is wrong. The speed of a molecule changes continually due to repeated 
elastic collisions with other molecules. See Section 3.2 of Unit 11. C is wrong. Thermal 
equilibrium requires that the temperatures are the same. There is no requirement on the 
pressures. See Section 2.3 of Unit 11. D is correct. The internal energy is the total 
microscopic energy of the gas (see 4.2 of Unit 11) and is therefore proportional to the mass of 
the sample (as well as the temperature), so two samples at different temperatures can have the 
same internal energies if appropriate masses are taken. E is wrong. The speed of sound is 
proportional to 71/2; it increases by a factor (313/293)1/2 = 1.03 when the temperature changes 
from 20° C to 40° C. See 3.6.2 of Unit 11. Finally, F is correct. Molecules diffuse more 
slowly at lower temperatures. See 3.6.3 of Unit 11. 


G3 oiect response G. a 
Energy required is 
Q = McAT (Eq2 of Unit 11) 
= 4kgx (0.19 kcal kg-! °C-}) x (30-14)°C 
= 12.16 kcal 
Using 1 kcal = 4190 joules (see p11 of Unit 11) this gives 
Q = 12.16x4190J=5.10 x 104 J 


Q4 Correct response E. 

Energy required to melt the sample is the mass of the sample multiplied by the specific latent 
heat of fusion. See Section 1.4 of Unit 11. For 4 kg of gold this energy is 4 kg x 64.5 kJ kg“! 
= 2.58 x 105 J. 


Q5 Correct response is Ç. 
(Use Eq 34 of Unit 12 with the lifetime in the moving frame of the particle, T’ = 2.2 x 10% s, 


and V=0.6c. Then the lifetime in the laboratory frame T = 2.2 x 10-6 s/V(1 — 0.6c/c)? 
= 2.75 x 10% s. In this time it will travel (according to the laboratory observer) a distance 
VT = 0.6 x 3 x 108 ms-! x 2.75 x 10% s = 495 m. 


Q6 Correct response is A. 


The particle is at rest in the frame of the observer travelling with it. It does not move. 


Q7 Correct response is B. 
The iaboratory is moving with speed 0.6 c with respect to the particle. In the 2.2 x 10% s 


lifetime of the particle as measured by an observer in the particle's rest frame, the laboratory 
will move a distance 0.6 x 3 x 10-8 ms-! x 2.2 x 10% s = 396 m. 


Q8 Correct response is E. 
Let the number of photons produced at each wavelength per second be n. Then total energy 


per second is 


100J = nhfriolet + nhforange 
= nhc (1/Aviolet + 1/Aorange) 
where f = c/Ahas been used (Eq 31 of Units 9 and 10). 
1 1 

: = 34 Ee E eee ys ee ee 
~= 100 J =n x 6.626 x 10-34 Js x 3 x 108 m s- x (a0 oss tm = 

This gives n = 1.2x 1020 

and 2n = 2.4x 1020, 

Q9 A and E are the correct statements. 


A is true: there is a very small, though non-zero probability of large deflections according to 
Thomson's model (see Section 4.2.2 Unit 13). The probability is much iarger according to the 
Rutherford model. B is incorrect: Thomson predicted that atoms could be stable for only a few 
thousand years at the most. C is wrong: Rutherford's model has no explanation for the 
stability of atoms. D is wrong. Thomson's model makes no predictions about the energies of 
the electrons. E is correct: the Rutherford model can make no prediction of the size of the 
atom, F is wrong: the a-particle is repelled by the nucleus and so its distance of closest 
approach is inversely proprtional to its initial kinetic energy, (see Section 4.3 unit 13). G is 
wrong: using the Rutherford model, large angle scattering is assumed to be due to scattering by 
a single nucleus (see Section 4.3 Unit 13). H is wrong: the smaller the impact parameter, the 
larger the angle of scattering (see Section 4.3). 


Q10 F is correct. 


E, = —13.6 eV/n2 (Eq 27 Unit 13 p33). 
Therefore, AE = 13.6 (102-2 — 103-2) eV = 2.5 x 10-5 eV = 4 x 10-24 J. 
A = cif = hc/AE = 5cm, which is in the microwave region. 


Q11 Cis correct. 
The shortest wavelength in the X-ray spectrum corresponds to a single photon carrying off the 
entire energy of the accelerated electron. 
i.e. hfmax = eV 
and Amin = Clfmax =ch/eV 
= 3x 108 x 6.63 x 10-34/(1.6 x 10-19 x 2.6 x 104) m = 0.048 nm. 
Therefore, 2 lines (0.05 nm and 0.06 nm) will be present. 


PART B 
Q12 Correct response is D. 
We use PV = constant (Eq 6 of Unit 11) to find the pressure P that was exerted by the gas in 
the balloons (80 x 5 litres of gas at 1.2 atmospheres) when it was contained in the 20 litres: 
P x 20 litres = 80 x 5 litres x 1.2 atm. 
Hence, P = 24 atm, so the gas that remains in the cylinder will exert a pressure of (100 — 24) atm 
= 76 atm. 


Q13 Correct response is D. 


[2 kT t : 
Use Upeak SNET (Unit 11, Fig 31) 


; 28 x 10-3 
E = = 
with Upeak = 422 m s~* and m 6.022 x 1024 “8 
28 x 10-3 1 
ATE -1)2 (28% 10 >< (1381 x 10-23 IK-1) 
See a Oa 1023) 2 x (1.381 x 10-23 JK-!) 


=300K =27°C. 


Q14 Correct response is A. 
Use the Lorentz contraction formula, Eq 32 of Unit 12, with L = 4 m, V = 3c/5. The length in 


the rest frame of the rod is then Lo = 4 m/V (1 — (3/5)2) = 5 m. 


Q15 Correct response is C. 

Use the time dilation formula, Eq 34 of Unit 12, with T” = 30 s, the time elapsed in the rest 
frame of the clock, and V = 4 c/S. The time elapsed in frame G is then T = 30 s N (1 — (4/5)2) 
= 50s. 


Q16 Correct response is C, F. 
Use the equation hf— @ = eV. In the two experiments: 


hf-¢ = e30V (1) 
h2f-@ =e71V (2) 
Taking (1) from (2) we obtain 
hf = 4.le 
4.1 x 1.6 x 10-19 


f = Hz = 9.94 x 1014 Hz = 1015 Hz 


so C is correct. 


6.6 x 10-34 


Multiplying eqn 1 by 2 

2hf-2¢ = 6.0 e (3) 
Taking (2) from (3) gives 

ġ=1.1 eV 
so F is correct. 


Q17 Correct response is D. 
Using Eq 23 of Unit 13. 


r = n?ag=752x 0.53 x 10-10 m =3.0 x 10-7 m. 


